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D 4.17 Amputation
Because patients with severe lower extremity ischemia have a high incidence of coexisting
myocardial, cerebrovascular and renal disease, their operative risk is significantly elevated.
Therefore the indications for amputation, selection of the appropriate level and surgical manage-
ment of these patients must clearly be established prior to the procedure to avoid the need for
revision or re-amputation (see A 2.9.2, Risk Factors for Major Amputation, p 525).
D 4.17.1 Indications for Amputation
Primary amputation
Primary amputation is defined as amputation of the ischemic lower extremity without an
antecedent attempt at revascularization. Amputation is considered as primary therapy for lower
limb ischemia only in selected cases. UnreconstructabJe arterial disease is generally due to the
progressive nature of the underlying atherosclerotic occlusive disease. Newer imaging tech-
niques, such as magnetic resonance angiography, duplex ultrasonography, and more recently,
high-resolution digital angiography, have improved the ability of physicians to pre-operatively
detect patent distal vessels that might serve as su.itable recipient sites for the construction of a
bypass.1 The complete absence of detectable distal vessels, using modern imaging techniques,
especially in the setting of advanced distal ischemia associated with a low ABPI «0.30), suggests
that vascular reconstruction is not possible and that major amputation' is inevitable.t-' These
patients are best served by primary amputation.s
Ulceration and necrosis of me weight-bearing surface of the foot are frequent causes of amputa-
tion. In a recent study of more than 200 patients requiring amputation loss of the foot pads at
the level of the digits, metatarsophalangeal joints and the heel was the indication for amputation
in more than 75% of cases.f Loss of the heel renders revascularization useless for preservation of
ambulation.v The use of myocutaneous free flaps tor the replacement of necrotic muscle and
skin has been reported as a technique for extending limb salvage in selected patients'? This
aggressive vascular reconstructive effort, however, may be associated with multiple procedures, a
recuperative period of more than 6 months and yields flap survival in the range of 50% to 62%
and a functional foot in 50% to 86%, respective!y.8,9,10,11 As vascular reconstruction in these
patients does not result in a functional extremity, primary amputation provides optimal therapy.
Nonambulatory elderly patients represent a particularly challenging group. Peripheral arterial
occlusive disease is often severe and associated with rest pain and tissue loss. These patients fre-
quently have flexion contractures which form from the prolonged withdrawal response to the
pain. Aggressive vascular reconstruction does not provide these patients with a stable and useful
limb. The surgical endeavor is significantly complicated by the presence of the flexion contrac-
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tion as well as the frequent presence of decubitus ulcers in the region of the greater trochanters.
These patients require only a stable, pain-free limb that can be used for positioning in bed or
wheelchair. Relief of pain and the removal of necrotic tissue and the creation of a stable limb
can be most expeditiously achieved through primary amputation.O?
Finally, PAD patients with terminal or near terminal comorbid conditions often have physical as
well as ethical contraindications to aggressive lower-extremity arterial reconstructive surgery.
These patients require relief from pain of all etiologies. Amputation affords these individuals
expeditions relief of pain and a reduced hospital stay for definitive treatment of their ischemia.
Most remain non-ambulatory after amputation, regardless of the level.
Recommendation 103: Indications for primary major amputation of the lower extremity
Primary major amputation for critical limb ischemia is indicated in advanced distal
ischemia with uncontrollable pain or infection in the setting of
• Unreconstructable arterial occlusive disease
• Necrosis of significant areas of weight-bearing portion of the foot
• Fixed, unremediable flexion contracture of the leg
• A terminal illness or very limited life expectancy because of comorbid conditions
Critical Issue 45: Selection of patients for primary major amputation
There is a need for data to determine predictors for which patients are best treated with
primary major amputation rather than bypass therapy for limb salvage.
Secondary amputation
Revascularization of the lower extremity remains the treatment of choice for most patients with
significant arterial occlusive disease,l3,14,15,16 Re-do vascular reconstructive procedures are also
of benefit for limb salvage and the preservation of ambulatory ability.17 Unfortunately, in many
patients, the continued progression of atherosclerosis obliterates all major distal vessels, eliminat-
ing the possibility of further reconstruction.
Unreconstructable vascular disease has become the most common indication for secondary
amputation, accounting for nearly 60% of patients.P Persistent infection despite aggressive vas-
cular reconstruction is the second most common diagnosis.l" The goals of secondary amputa-
tion are the relief of ischemic pain, the complete removal of all diseased, infected and necrotic
tissue, the achievement of complete healing and the construction of a stump suitable for ambu-
lation with a prosthesis. The antecedent surgical procedures do not worsen the overall condition
of the leg. Failure of a lower-extremity vascular reconstruction does not predispose the patient
to a higher level of amputation.19,20 Therefore, initial attempts at vascular reconstruction of the
lower extremity are indicated. Secondary amputation is indicated when vascular intervention is
no longer possible or when the limb continues to deteriorate despite the presence of a patent
reconstruction.
D 4.17.2 Selection of Amputation Level
It is the implicit goal of amputation to obtain primary healing of the lower extremity at the
most distal level possible. The energy expenditure of ambulation increases as the level of ampu-
tation rises from calf to thigh, Preservation of the knee joint and a significant length of the tibia
permits the use of lightweight prostheses, minimizes the energy of ambulation, and enables
older or more frail patients to walk independently.U Therefore, the lowest level of amputation
that will heal is the ideal site for limb transection. Numerous methods have been used to identi-
fy this most distal site.
Historically, the most distal level of amputation that will heal has been determined by clinical
examination of the leg by the surgeon immediately before surgery. Factors that are most fre-
JOUR."lAL OF VASCULAR SURGERY
Volume 31, Number 1, Parr 2 D4 Treatment of Critical Limb Ischemia 8269
quently considered include tile warmth and integrity of me skin, capillary refill, palpably normal
muscle and me absence of infection at the site selected for amputation. Attempts have been
made to quantify skin temperature by objective measurement but this has been of little proven
value. 22 Although the presence of a palpable pulse in the major artery immediately above the
level of amputation selected strongly suggests a high likelihood of primary healing, the absence
of a palpable pulse does not in itself significantly reduce me likelihood of primary heaiing.23,24
The selected site is usually further evaluated in me operating room by the surgeon who observes
tile appearance of the subcutaneous tissue and muscle and tile presence or absence of bleeding
from the transected tissues. The appearance of ischemic or necrotic tissue or the absence of
bleeding along tile margins of transection are used as indications to attempt amputation at a
higher level. When made by experienced surgeons, clinical determination of the amputation
level results in uninterrupted primary healing of the below-knee stump in 75% to 85% and tile
above-knee stump in 85% to 93% of cases25,26,27 (see also A2.9.2, Risk Factors for Major
Amputation, p 525).
Doppler pressure measurement
As Doppler pressure measurements became standardized for tile assessment of PAD, they were
applied to the evaluation of tile extremity requiring amputation. Initial results reported more
than a decade ago suggested that this non-invasive diagnostic study could identify tile appropri-
ate level of amputation. Using a discriminatory arterial pressure of greater than 50 111m Hg at
the level of ampuration, several investigators reported primary healing in nearly 100% of
patients.24,28,29 Despite these optimistic early reports, others have reported little benefit from
the pre-operative Doppler assessment of patients requiring amputation.22,30,31 Patients with
severe lower-extremity arterial occlusive disease often have diffuse calcified atherosclerosis result-
ing in falsely elevated arterial pressures. Those with long-standing rest pain frequently have sig-
nificant edema preventing accurate pressure measurement. Wagner and colleagues, in a study of
109 amputations, found that Doppler pressure measurements were unreliable for the selection
of amputation level.22
Determination of ankle and toe blood pressures may provide information about tile likelihood
of healing of inframalleolar amputations. These pressures, unfortunately, may not be measurable
in patients witil toe or foot lesions requiring excision therapy because of calcification of the dis-
tal vessels or tile presence of ulceration or gangrene at the site of measurement. In a study of
161 consecutive diabetic patients who presented with foot lesions, Larsson and colleagues 32
noted that ankle and toe pressures could not be obtained in 24% and 27%, respectively. These
investigators found no healing of a foot amputation with an ankle pressure ofless than 50 mm
Hg and no healing of a toe amputation with a toe pressure less than 15 mm Hg.
In a study of 233 consecutive diabetic patients with foot infection, Eneroth and colleagues
noted that an ankle pressure greater than 80 111m Hg and a toe pressure of greater than 45 mm
Hg are associated with primary healing of forefoot and toe amputations, respectively.V Selection
of the appropriate level of toot amputation is not enhanced by determination of the ABPI,30
However, most vascular specialists routinely obtain Doppler arterial assessments of patients with
significant lower extremity ischemia and this diagnostic modality continues to be widely used as
a supportive study tor the determination of the site of amputation.
Transcutaneous oxygen measurement
Transcutaneous oxygen determination by a small electrode attached to the skin has been used
for the detection of viable skin and appropriate level of amputation for more than two decades.
This electrode heats the underlying skin slightly to induce a hyperemia. It then records the
increase in oxygen delivery as pressure. A reference electrode, usually on tile chest, is frequently
used to standardize tile result. Modifications of this diagnostic study include the continuous
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recording of TCP02 before and during the inhalation of oxygen34,35,36 and with the patient in
the supine, sitting, and leg elevated positions.36,37 The ability of the transcutaneous measure-
ment of capillary skin oxygen pressure to predict the likelihood of healing of a major amputa-
tion is dependent upon the discriminatory value chosen .
A TCP02 value of greater than 20 mrn Hg at the site of amputation indicates an 80% likelihood
of primary healing.38 Using a higher discriminatory pressure at the site of amputation may
improve the chances for primary healing. With a TCPOz pressure of greater than 35 rnm Hg,
several surgical groups have reported healing in more than 95% of patients.22,37,39,40 Because
skin perfusion may not be uniform, several measurements across the site of amputation may be
of benefit to determine areas of persistent ischemia.41 ,42 Overall, transcutaneous oAygen pressure
measurements may improve the surgeon's clinical ability to determine the lowest amputation
site that wilJ heal primarily.
Skin perfusion pressure measurement
Photoplcthysmographic skin perfusion pressure measurement is a simple test performed by fix-
ing a photoelectrode on the patientfs skin at the proposed site of amputation and then sur-
rounding it with a blood pressure cuff. The cuff is inflated beyond systolic pressure eliminating
all cutaneous skin flow and reducing skin perfusion pressure to zero. The air is the n slowly
released from tile cuff and the pressure at which capillary flow resumes is detected by the photo-
electric cell is considered tile skin perfusion pressurc.O A variant of this test uses a laser Doppler
to detect the presence of flow in the skin .44 This measurement has been used to select the
appropriate site of amputation. With a discriminatory skin pressure of greater than 20 mm Hg
as determined by photoelectric cell, healing in more than 90% of patients can be expectcd.23,43
For laser Doppler pressure determination, a skin perfusion pressure of greater than 30 mm Hg
correlated with primary healing of the major amputation in all patients.vs
Other diagnostic tests
Numerous other diagnostic tests designed to improve the rate of primary healing of a major
amputation have been reported. These include laser Doppler velocimetry which measures the
velocity of skin capillary blood flow,45 isotopic measurement of skin perfusion with xenon-
133,46,47 and fluoroscein dye assessment of skin perfusion.V Each of these tests have had pro-
ponents, but, because of technical difficulty, significant variability of the test result, or cost, they
have not been widely used , and available information is limited (see D2.2.5, Microcirculatory
Investigations, p S178).
Critical Issue 46: Diagnostic tests for selection of amputation level
There is a need for prospective studies to demonstrate that diagnostic tests improve
selection of amputation level over clinical judgment.
D 4.17.3 Technical Principles of Amputation
Ray amputatiorrsf and transmetatarsal amputation are tile standard procedure distal to the ankle.
The Lisfranc, Chopart and Syme amputations are now rarely used, but can occasionally be use-
ful in avoiding a below knee amputation.49,50,51 A major amputation, that is above the foot, will
require a prosthesis and meti culous technique is essential to ensure. a well-formed and well-per-
fused stump with soft tissue covering the transected end of tile bone. Major amputations are
usua.llyperformed at the below-knee or above-knee level. However, a through-knee amputation
has the advantage of a long lever for mobility and balance in bed in patients who are unlikely to
be able to use a prosthesis. It is possibly also indicated in extremely ill patients in whom a quick
and less traumatic procedure crucial. It is essential that antibiotic cover is provided for all
patients undergoing amputations for ischemia to prevent gas gangrene.
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D 4.17.4 Outcome
The outcome of major amputation (see A 2.9.3, Fate of the Amputee, p S26; and A 2.9.4,
Summary: Major Amputation, p S27) and relatively high risk of re-amputation is detailed earlier
(see A 2.9, Major Amputation, p 524). The same discussion applies to forefoot and toe amputa-
tions. In a study of 90 diabetic patients who had a great toe amputation, 60% required a second
amputation, 21% had a third, and 7% had a fourth. 52 Overall, 17%subsequently had a below-
knee amputation. Similarly, Armstrong and colleagues reviewed the outcome of 1043 patients
who had foot amputations. Of these, nearly 40% required a more proximal foot amputation to
treat a non-healing distal amputation.V Distal ischemia is a frequent cause of non-healing trans-
metatarsal amputations requiring re-treatrnent by major amputation in patients with diabetes.54
A return to independent ambulation is the ultimate challenge for patients undergoing major
amputation of the lower extremity. Patients with a well-healed below-knee amputation stump
have a 66% to 81%likelihood of independent ambulation with a prosthesis. Those with an
above-knee amputation have a less than 50% chance of independent ambulation. Compared
with an above-knee amputation55,56 the through-knee level provides a longer stump for better
leverage and movement and a greater likelihood of rehabilitation and ambulation with a pros-
thesis. 57,58,59,60,61,62 Independent ambulation with a prosthesis has been reported in 44% to
57%.61,62 Cardiac and pulmonary limitations are the most common causes of failure to establish
independent mobility. 56,63
Although a conceptually simple and brief technical procedure, major amputation of the lower
extremity is associated with a significant morbidity and mortality. Operative mortality for major
amputation of the lower extremity ranges from 4% to 30%.18,21 Myocardial infarction is the
most common cause of death in the perioperative pcriod.lf Morbidity is also high after major
amputation of the lower extremity, reported from 20% to 37%.16,18,64 Myocardial infarction,
stroke, and infection are the most significant causes (see also A 2.9, Major Amputation, p 524).
The incidence of infection may rise to as high as 67% in patients with infected ischemic extremi-
ties before arnputation.sf The incidence of postoperative deep venous thrombosis ranges from
12.5% to 14.3%.66,67 Phantom limb pain, though rarely reported, occurs in most patients after
amputation and can be quite disturbing. Finally, progression of occlusive disease resulting in loss
of the contralateral extremity occurs in approximately 10% per year.21,64 The contralateral
extremity of patients undergoing major amputation of the lower extremity therefore must be
evaluated at 3- to 6-month intervals with physical examination and ABPI to identify and correct
worsening ischemia. Continued vigilance by both the patient and physician is essential in the
care of patients requiring major amputation for ischemia.
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useleg, vascular anatomy precludes Isuccessful intervention, etc.)
Imagearterial lesions:
I DuplexAngiography





I Yes I I No
-rIEndovascular procedure Iffails Surgical bypass l
I I I
Surveillance 1 .1 Surveillance 1If neither endovascular nor surgical
revascularization is possible, or they havefailed
I
I lPharmacotherapy (alsoconsider
pharmacotherapy in shallow ischemic Amputation 1ulcers and restpain, particularly if H Failedhigh riskor anatomy unfavorable for
PTA1bypass)
D 4.18 Management Algorithm for Patients With. CLI
ILegulcer/Rest pain/gangrene I
D 5 Economic Aspects of Critical Limb Ischemia
Th e diagnostic and the rapeutic management of patien ts with critical limb ischem ia has been
studied extensively in a number of settings. Unfortunately, results are not necessarily reported in
a way that renders comparisons possible .
